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REMARKS 

Reconsideration and allowance are respectfully requested. 

Claims 1-4 and 13-14 are directed to the elected invention. Claims 5-12 and 15- 
20 are directed to nonelected inventions. Applicant urges reconsideration by the Exa- 
miner of the restriction requirement because the pending claims share the same special 
technical feature of germplasm comprising (i) a gene coding for the transglutaminase 
enzyme and (ii) one or more genes coding for wheat storage proteins, wherein said one 
or more wheat storage proteins comprise the preserved C-terminal motif LKVAKAQQL- 
AAQLPAMCR (SEQ ID NO: 1 1 ) and are selected from the group consisting of 1 Bx7, 
1By9, 1Dx5, 1Dy10, 1Ax2, 1Bx17, 1Ax1, 1Dy12, and HMW2. More specifically, upon 
allowance of an elected product claim, rejoinder of claims 10-11 and 15-20 is requested 
because they are directed to methods of making or using the product (i.e., flour). 

The amendments are fully supported by the original disclosure and, thus, no new 
matter is added by their entry. Support for the flour having lower allergenicity than wheat 
flour may be found in the title ("low allergenicity"), the State of the Art section at pages 
1-2 of the specification describing the allergenicity of wheat flour, and the elimination of 
amino acids responsible for allergenicity in wheat storage proteins (see SEQ ID NOS: 
36 to 43). Amendments to method claim 11 are supported by page 1, lines 8-14, of the 
specification. Although "rising" ability in response to leavening agent (see the definition 
of "rise" from a dictionary attached as Exhibit A) and use as "food" are inherent in art- 
known definitions of flour used to make dough and baked products, the quoted terms 
are deleted because those limitations are not required for patentability. 

It was alleged that search reports are not appropriate for printing on the face of 
an issued patent on page 5 of the Office Action. Applicant disagrees. No such limitation 
on the types of document that are listed on patents is found in the United States Code, 
Code of Federal Regulations, or Manual of Patent Examining Procedure. Search reports 
are printed documents and acknowledgment that they were considered by printing them 
on the patent's face is appropriate. Return of an initialed copy of the Form PTO-1449 
without the lines through the search reports is requested. Otherwise, the Examiner is 
respectfully requested to provide legal authority in support of her allegation. 
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Further, the Information Disclosure Statement fully complies with the require- 
ments and EP 1190624 should not have been lined through on the Form PTO-1449. 
M.P.E.P. § 609.05(b) states: 

Information which complies with requirements as discussed in this section 
but which is in a non-English language will be considered in view of the 
concise explanation submitted (see M.P.E.P. § 609.04(a)lll) and insofar as 
it is understood on its face, e.g., drawings, chemical formulas, in the same 
manner that non-English language information in Office search files is 
considered by examiners in conducting searches. The examiner need not 
have the information translated unless it appears to be necessary to do 
so. The examiner will indicate that the non-English language information 
has been considered in the same manner as consideration is indicated for 
information submitted in English. The examiner should not require that a 
translation be filed by applicant. The examiner should not make any 
comment such as that the non-English language information has only 
been considered to the extent understood, since this fact is inherent. 

Here, a concise explanation of the non-English foreign patents was provided in the Int'l 
Search Report citing them, the relevant portions of their disclosures that caused them to 
be cited, and the claims to which they apply. See M.P.E.P. § 609.04(a) III ("the require- 
ment for a concise explanation of relevance can be satisfied by submitting an English- 
language version of the search report or action which indicates the degree of relevance 
found by the foreign office"). Therefore, EP 1 190624 should have been considered prior 
to the first Office Action. To aid the Examiner, the U.S. patent documents listed on the 
attached Form PTO-1449 appear to be counterparts to the foreign patent documents. 

Specification/Claim Objections 
. The title and abstract are amended to address the Examiner's objections. 
Claim 1 recites optional modification of the one or more genes coding for wheat 
storage proteins by mutagenesis to eliminate allergenic amino acid sequences for food 
allergies to gluten. On page 3 of the Office Action mailed April 29, 2008, the Examiner 
admitted that "GROUPS l-X ARE LINKED BY CLAIM 1 AND CLAIM 4." In response to 
the restriction requirement, Applicant elected Group II (i.e., modification of the amino 
acid sequence SEQ ID NO: 36). But as admitted by the Examiner, claims 1 and 4 are 
generic ; they link Group I (no modification) and Groups ll-X (i.e., modifications of the 
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amino acid sequences SEQ ID NOS: 36-44). Therefore, it is proper that Applicant main- 
tains them with their original scope to permit rejoinder of Group l-X in the future. 

The plant may be a cereal or a leguminosa according to claim 1. Therefore, as 
regards claim 4, the plant can be rice, soybean or corn. 

Applicant requests withdrawal of the objections. 

35U.S,C. 112- Definiteness 

Claims 1-4 were rejected under Section 112, second paragraph, as allegedly 
"indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention." Applicant traverses. 

The phrase low allergenic" is explained by reference to the specification. It refers 
to a lowering of allergenicity of the flour made from the seed/plant of the invention as 
compared to wheat flour. Table 5 of Applicant's specification demonstrates that flour of 
the invention has less immunoreactive gluten than wheat flour. Therefore, the claimed 
flour has lower allergenicity as compared to wheat flour. 

The term "rising" is deleted from claim 1 because this limitation is not required for 
patentability. A person skilled in the art would understand that this refers to the ability of 
dough made from the claimed flour to trap therewithin gas produced in response to a 
leavening agent and to maintain an alveolar structure after baking. See page 1 of Appli- 
cant's specification. This ability of the dough is related to its viscoelasticity after water is 
added to the claimed flour. Even after amendment of the claims, this capability is inhe- 
rent in the ability of the claimed flour to make dough and to result in a baked product. 

Antecedent basis for "transglutaminase enzyme" is corrected. As noted by the 
Examiner, more than one transglutaminase enzyme is known in the art. 

Finally, it is clear in claim 1 that "one or more" of the genes are optionally modi- 
fied by mutagenesis to eliminate allergenic amino acid sequences for food allergies to 
gluten. One, more than one, all, or none of the allergenic amino acid sequences may be 
eliminated in accordance with the independent claim. 

Applicant requests withdrawal of the Section 112, second paragraph, rejection 
because the pending claims are clear and definite. 



-10- 



1442015 



FOGHER- Appln. No. 10/534,742 



35 U.S. C. 103- Nonobviousness 

A claimed invention is unpatentable if the differences between it and the prior art 
are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art. In re Kahn, 78 USPQ2d 
1329, 1334 (Fed. Cir. 2006) citing Graham v. John Deere, 148 USPQ 459 (1966). The 
Graham analysis needs to be made explicitly. KSR v. Teleflex, 82 USPQ2d 1385, 1396 
(2007). It requires findings of fact and a rational basis for combining the prior art disclo- 
sures to produce the claimed invention. See id, ("Often, it will be necessary for a court 
to look to interrelated teachings of multiple patents . . . and the background knowledge 
possessed by a person having ordinary skill in the art, all in order to determine whether 
there was an apparent reason to combine the known elements in the fashion claimed by 
the patent at issue"). The use of hindsight reasoning is impermissible. See id. at 1397 
("A factfinder should be aware, of course, of the distortion caused by hindsight bias and 
must be cautious of arguments reliant upon ex post reasoning"). Thus, a prima facie 
case of obviousness requires "some rationale, articulation, or reasoned basis to explain 
why the conclusion of obviousness is correct." Kahn at 1335; see KSR at 1396. An 
inquiry is required as to "whether the improvement is more than the predictable use of 
prior art elements according to their established functions." Id. at 1396. But a claim that 
is directed to a combination of prior art elements "is not proved obvious merely by 
demonstrating that each of its elements was, independently, known in the prior art," Id. 
Finally, a determination of prima facie obviousness requires a reasonable expectation of 
success. See In re Rinehart, 189 USPQ 143, 148 (C.C.P.A. 1976). 

Claims 1-4 were rejected under Section 103(a) as allegedly unpatentable over 

Benmoussa et al. (WO 00/18927) in view of Arentz-Hansen et al. (J. Exp. Med. 191: 

603-612, 2000), further in view of Schuhmann (U.S. Patent 6,517,874), and further in 

view of Whitelam (J. Sci. Food Agric. 68:1-9, 1995). Applicant traverses. In the election 

filed August 29, 2008, it was previously explained why the his claims were inventive: 

"It is urged that two essential features of the claimed invention 
(especially the elected flours) appear not to have been considered by the 
Examiner in her finding of lack of unity: the properties (i.e., low allergeni- 
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city and ability to rise) of the flours made from the seeds of the transgenic 
plants . An objective of the invention is to obtain flours that have low aller- 
genicity (hence, not flours made from wheat) but are nevertheless capable 
of rising like wheat flours (see Figs. 23 and 24). Obtaining this objective 
was the result of Jhe inventor's discovery that wheat storage protein 
having the C-terminal motif LKVAKAQQLAAQLPAMCR (SEQ ID NO: 11) 
is essential for non-wheat flours to rise when treated with transglutami- 
nase. Thus, the invention uses a limited number of wheat storage proteins 
with the aforementioned motif that are capable of conferring the ability to 
rise on flours made from seeds of non-wheat plants such as rice and 
legumes. 

Further, the Applicant has taken into account a further step to even 
improve the flours as aforementioned, namely targeted mutations of 
certain domains where amino acid residues are optionally mutated to 
minimize the allergenicity of the claimed flours. In order to make the flour 
immediately ready to use, the inventor has also expressed in the same 
seeds a transglutaminase. This direct expression of the transglutaminase 
in the seeds for making the flour led to the expression of an active enzyme 
in the seed. 

The claimed invention thus permits the production of a non-wheat 
non-allergenic, rising flour that requires only the addition of yeast for rising 
(similar to wheat flour), but with the advantage that flours of the present 
invention do not contain wheat allergens expressed in wheat seeds. 

The Examiner cites in her Office Action (page 5-6) the disclosures 
WO 98/08607 and US 6,517,874 as showing that the claims lack the same 
or corresponding special technical feature and thus do not relate to a 
single general inventive concept. It was stated, "Anderson O.D. (WO 
98/08607) teaches a high molecular weight (HMW) glutelin from wheat 
that comprises SEQ ID NO: 11 ... He teaches that HMW glutelin is 
important for flour quality, especially the viscoelasticity of the flour ... He 
teaches transgenic plants expressing engineered HMW glutelin." But WO 
98/08607 fails to teach or suggest the claimed invention for the following 
reasons: 

1 . WO 98/08607 allegedly teaches dough, preferably wheat dough 
with particular viscoelasticity properties and its use in products such as 
breads and noodles. See page 3, first paragraph, of the Summary of the 
Invention. Noodles are not relevant to the rising property of dough 
because the dough used for noodles is not reacted with yeast for rising. 
The examples are limited solely to wheat flour. No examples are provided 
of a non-wheat flour. In fact, the sole plant mentioned is wheat. 

2. Moreover, WO 98/08607 teaches artificial HMW glutenin subunits. 
In particular, WO 98/08607 teaches that the modification of the number of 
certain repeats is related to viscoelasticity. See page 3, lines 8-20. Adding 
certain repeats in a number higher than the native protein improves the 
viscoelasticity properties of the wheat dough in which the modified protein 
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is expressed. The repeats that appear to be preferred (SEQ ID NOS: 1-5) 
are extremely rich in Glutamine. 

WO 98/08607 does not even consider the problem of allergens in 
wheat flour. It discloses transforming wheat (which is allergenic per se) 
with an artificial HMW glutelin in which Glutamine rich repeats (linked to 
allergenicity) are added. This addition of Glu rich repeats is important for 
the invention disclosed in WO 98/08607 which makes flour with improved 
characteristics (i.e., viscoelastic properties) for the manufacturing of baked 
products and noodles (of course, rising is irrelevant to the latter). There- 
fore, WO 98/08607 teaches away from making modification in HMW 
glutelins that are not related to improving viscoelastic properties. 

US 6,517,874 is also cited. The Examiner alleged that the patent 
"teaches that trans-glutaminase can be added to flour blends comprising 
as little as 1% wheat flour to produce a baking flour mixture with favorable 
properties." But US 6,517,874 fails to teach or suggest the claimed inven- 
tion for the following reasons: 

1 . Although allegedly describing flour blends comprising at least 1 % 
of wheat flour (wheat NEVER being completely absent) in column 2, US 
6,517,874 does not exemplify a flour with less than 20% wheat flour 
(Example 2, Table 4) in the flour blends tested except in Example 1 where 
it is clearly shown that the absence of wheat flour in the blend makes the 
dough flat and hence not rising (see Table 1). In fact, the examples show 
that the rising properties of the flour blend treated with transglutaminase 
are already decreasing and not optimal with as much as 20% wheat flour 
in the blend. 

2. Moreover, US 6,51 7,874 teaches that transglutaminase can be 
added at various stages of the blend or dough preparation. See column 3, 
lines 59-61 . But it also clearly teaches by way of reiteration that the trans- 
glutaminase SHOULD NOT BE GROUND for best results. 

Therefore, US 6,517,874 strongly teaches away from having trans- 
glutaminase present in the seeds before they are ground into flour or 
using a flour blend having less than 20% wheat flour even if the latter does 
not rise." 

The cited documents would not result in the present invention because they fail 
to teach or make obvious that one of ordinary skill in the art would have known that the 
good viscoelasticity of dough made from flour of transgenic plants is related to cysteine 
residues at the terminal regions of HMW glutelins in the flour and this elasticity can be 
improved by repeating certain glutamine-rich domains. As explained above, viscoelas- 
ticity of dough (substantially a mixture of water and flour) is critical in its ability to "rise" 
when gas produced by leavening agent is trapped in alveolar structures. Otherwise, in 
the prior art, wheat flour is essential for obtaining rising flours. But Applicant's invention 

-13- 



1442015 



FOGHER- Appln. No. 10/534,742 



further improves the viscoelastic characteristics of the dough from flour of transgenic 
plants by treatment with transglutaminase, which can be added after grinding the cereal 
or leguminosa for flour. 

Arentz-Hansen also does gliadin proteins. Although mutant peptides are made, 
these mutations were not introduced into a storage protein nor was it demonstrated that 
the mutation would reduce the protein's allergenicity if expressed in transgenic plants. In 
fact, investigation of the gliadins disclosed by Arentz-Hansen shows that they do not 
even contain SEQ ID NO: 11 (see Arentz-Hansen et al., Gut, 46:46-51, 2000, which is 
attached as Exhibit B). In particular, Fig. 2 of Exhibit B proves that the preserved C- 
terminal motif LKVAKAQQLAAQLPAMCR is absent from the gliadin proteins disclosed 
by Arentz-Hansen. SEQ ID NO: 1 1 in a requirement of the storage proteins comprising 
the claimed flour. 

The optional mutations that are made mandatory in certain dependent claims 
further lower allergenicity of the claimed flour. They act on sites that are potentially 
allergeneic on the storage proteins expressed in seeds of the transgenic plants. They 
would not be obvious in view of the cited documents. 

The cited documents would not result in the claimed flour because Benmoussa 
increases the potential allergenicity of the flour by repeating glutamine-rich domains and 
not mutating the allergenic domains, Arentz-Hansen does not teach or make obvious a 
wheat storage protein comprising SEQ ID NO: 1 1 , and Schuhmann does not eliminate 
wheat from its flour or preserve rising ability when the proportion of wheat is lowered. 
Among other failures, it is worth noting that none of the cited documents teaches or 
makes obvious preserving LKVAKAQQLAAQLPAMCR (SEQ ID NO: 1 1) in storage 
proteins encoded by transgenes derived from wheat because that C-terminal domain is 
linked to the effective action of transglutaminase. The latter would not be expressed 
from a transgene in the seed because the prior art teaches away from the presence of 
transglutaminase in seeds prior to grinding. Further, these failures establish that the 
prior art does not provide a reasonable expectation of success. Therefore, Applicant's 
claims are patentable. 
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Since the combination of cited documents does not render obvious Applicant's 
invention as represented by independent claim 1 , claims 2-4 that depend from claim 1 
are also not rendered obvious by the cited documents because all limitations of the 
independent claim are incorporated in its dependent claims. See M.P.E.P, ,§ 2143.03 
citing In re Fine, 5 USPQ2d 1596 (Fed. Cir. 1988). 

Withdrawal of the Section 103 rejection is requested because the claims would 
not have been obvious to one of ordinarily skill in the art when this invention was made 

Conclusion 

Having fully responded to the pending Office Action, Applicant submits that the 
claims are in condition for allowance and earnestly solicit an early Notice to that effect. 
The Examiner is invited to contact the undersigned if additional information is required 

Respectfully submitted, 
NIXON & VANDERHYE P.C. 

By: /Gary R. Tanigawa/ 

Gary R. Tanigawa 
Reg. No. 43,180 

901 North Glebe Road, 11th Floor 
Arlington, VA 22203-1808 
Telephone: (703)816-4000 
Facsimile: (703)816-4100 
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Abstract 

BackgroundlAims — Coeliac disease is a 
chronic intestinal disorder most probably 
caused by an abnormal immune reaction 
to wheat gliadin. The identification of the 
HLA-DQ2 and HLA-DQ8 as the mol- 
ecules responsible for the HLA association 
in coeliac disease strongly implicates a 
role for CD4 T cells in disease pathogen- 
esis. Indeed, CD4 T cells specific for glia- 
din have been isolated from the small 
intestine of patients with coeliac disease. 
However, identification of T cell epitopes 
within gliadin has been hampered by the 
heterogeneous nature of the gliadin anti- 
gen. To aid the characterisation of gliadin 
T cell epitopes, multiple recombinant 
gliadins have been produced from a com- 
mercial Nordic wheat cultivar. 
Methods — The a-gliadin and y-gliadin 
genes were amplified by polymerase chain 
reaction from cDNA and genomic DNA, 
cloned into a pET expression vector, and 
sequenced. Genes encoding mature glia- 
dins were expressed in Escherichia coli 
and tested for recognition by T cells. 
Results — In total, 16 a-gliadin genes with 
complete open reading frames were se- 
quenced. These genes encoded 1 1 distinct 
gliadin proteins, only one of which was 
found in the Swiss-Prot database. Expres- 
sion of these gliadin genes produced a 
panel of recombinant a-gliadin proteins of 
purity suitable for use as an antigen for T 
cell stimulation. 

Conclusion — This study provides an in- 
sight into the complexity of the gliadin 
antigen present in a wheat strain and has 
defined a panel of pure gliadin antigens 
that should prove invaluable for the future 
mapping of epitopes recognised by intesti- 
nal T cells in coeliac disease. 
{Gut 2000;46:46-51) 

Keywords: gliadin; coeliac disease; small intestine; 
protein expression; T lymphocyte; gluten 



Coeliac disease is an inflammatory disorder of 
the small intestine characterised by atrophy of 
trie villi and hyperplasia of crypt cells. 1 2 The 
disease is precipitated in genetically susceptible 
people on ingestion of wheat gluten and the 
related proteins of rye and barley. Several lines 
of evidence indicate that the development of 
the disease is due to an abnormal immune 
response to gluten. The ideritification of HLA 
class II molecules DQ2 and DQ8 responsible 



for the HLA association observed in coeliac 
disease*"* implicates a role for coeliac disease T 
cells in disease pathogenesis. This is further 
supported by the demonstration that T cells 
extracted from intestinal biopsy specimens of 
patients with coeliac disease, but not of control 
patients, contain a population that are coeliac 
disease positive and a|3 T cell receptor positive 
and specific for gliadin. These gut derived T 
cells are conspicuous in that the vast majority 
recognise gliadin peptides when presented by 
DQ2 or DQ8.'~" Gluten comprises numerous 
related proteins which together provide a 
nitrogen store for the germinating seed. On the 
basis of their solubility in aqueous alcohol, glu- 
ten can be separated into the gliadins (soluble) 
and the glutenins (insoluble). The gliadins are 
monomer molecules which can be further 
divided into three classes on the basis of 
sequence (a-, y-, and co-gliadins). 12 Gliadins in 
each class differ slightly in sequence, 13 and in a 
single wheat variety at least 45 different 
gliadins have been identified at the protein 
level.' 4 The glutenins consist of large polymeric 
structures that are formed as the result of 
intermolecular disulphide bonds. Most T cells 
isolated from biopsy specimens challenged 
with gluten appear to recognise the alcohol 
soluble gliadin fraction.' Interestingly, this rec- 
ognition of gliadin by intestinal T cells is 
dependent on deamidation, a modification 
known to be promoted in the acidic environ- 
ment during pepsin digestion. However, 
deamidation is most probably mediated in vivo 
in a specific fashion by the enzyme tissue 
transglutaminase (tTG).' 5 This enzyme medi- 
ated deamidation introduces negative charges 
into gliadin and increases the binding affinity of 
gliadin peptides for DQ2. A better understand- 
ing of the processes that lead to the modifica- 
tion and T cell recognition of gliadin peptides, 
and which ultimately cause disease, requires 
that the intestinal T cell response to the gliadin 
antigen be characterised at a molecular level. 
Identification of T cell epitopes in gliadin has 
been complicated by the enormous micro- 
heterogeneity of the complex gliadin antigen 
and the difficulty in purifying antigens with a 
defined sequence. To aid the characterisation 
of T cell epitopes, we have cloned, sequenced, 
and expressed a panel of gliadins in Escherichia 
coli and tested them for their ability to stimulate 



Abbreviations used in this paper: PCR, polymerase 
chain reaction; SDS/PAGE, sodium dodccyl 
sulphaie/polyacrylamide gel electrophoresis; tTG, 
lissue transglutaminase. 
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gut derived T cell clones of patients with 
coeliac disease. 

Materials and methods 

GLIADIN GENE 

The plasmid containing the Y-gliadin gene 
pW1621 was a gift from A Rafalski (DuPont 
Agricultural Biotechnology, Wilmington, Dela- 
ware, USA). 

ISOLATION OF DNA AND mRNA AND SYNTHESIS OF 
cDNA 

The Nordic autumn wheat strain Mjoelner was 
the source of genomic DNA and mRNA. The 
wheat endosperm was harvested 30 days after 
flowering. Genomic DNA was phenol ex- 
tracted from the endosperm or blades. mRNA 
was isolated from the endosperm using the 
Dynabeads mRNA DIRECT kit (Dynal, Oslo, 
Norway). For cDNA synthesis, RNA was 
eluted from the beads and added to a mixture 
containing 1 mM dNTP (Amersham Pharma- 
cia Biotech, Little Chalfont, Bucks, UK), 1 uM 
oligo(dT),, primer (Promega, Madison, Wis- 
consin, USA), 20 mM dithiothreitol (Gibco- 
BRL, Paisley, Scotland, UK), 20 U RNasin 
(Promega), and 200 U Moloney murine 
leukaemia virus (Gibco-BRL) and incubated 
for one hour at 37°C. The enzymes were inac- 
tivated by heating at 65°C for five minutes. 

AMPLIFICATION AND CLONING OF GLIADIN GENES 

Oligonucleotide primers (Eurogentec, Herstal, 
Belgium) were designed for amplification of 
gliadin genes coding for mature proteins with- 
out leader sequences, The a-gliadin specific 
primers had the sequences: sense primer 5' 
GCT ATG GAT CCA TAT GGT TAG AGT 
TCC AGT GCC and antisense primer 5' GCA 
TCA AGC TTC ATC GAT AGT TAG TAC 
CGA AGA TGC C. The y-gliadin specific 
primers had the sequences: sense primer 5' 
GCT ATG GAT CCA TAT GAA TAT CCA 
GGT CGA CCC and antisense primer 5' GCA 
TCA AGC TTC ATC GAT ATT GGC CAC 
CAA TGC CCG C. In addition to start and 
stop codons, Hindlll and Ndel restriction sites 
were included in the primer sequences for 
cloning and expression purposes. 

For polymerase chain reaction (PCR) ampli- 
fication, about 1 00 ng genomic DNA or cDNA 
was used in a reaction mixture containing 1 
mM each dNTP (Amersham Pharmacia Bio- 
tech), 200 nM each primer, 2 mM MgCl 2 , 1 .25 
U Taq DNA polymerase (Promega), and 0.008 
plaque forming units polymerase (Stratagene, 
La Jolla, California, USA). The denaturation, 
annealing, and polymerisation temperatures 
for the first five cycles were 94°C, 45°C, and 
72°C respectively. In the following 30 cycles 
the annealing temperature was increased to 
55°C. Purified PCR fragments were cloned 
into the Ndel and HindlU site of the pET17xb 
vector according to the instructions in the 
manufacturer's manual (Novagen, Madison, 
Wisconsin, USA). The ligation mixure was 
used to transform competent Nova Blue cells 
(Novagen), and recombinant plasmids were 
isolated using Wizard Plus SV Minipreps 
(Promega). 



DNA SEQUENCING 

Cycle sequencing of gliadin clones was per- 
formed on PCR products amplified with T7 
vector specific primers using the Thermo 
Sequenase dye terminator cycle sequencing 
pre-mix kit (Amersham Pharmacia Biotech) 
according to the manufacturer's manual. Two 
vector specific sequencing primers were used 
for both a-gliadin and y-gliadin: T7 promoter 
primer, 5' TAA TAC GAC TCA CTA TAG 
GG; T7 terminator primer, 5' GCT AGT TAT 
TGC TCA GCG G. The internal a-gliadin 
specific primers were: (a) 5' GCA TGG ATG 
TTG TAT T, (6) 5' CTG CAA TAC AAC 
ATC C, (c) 5' GCA GGG ATG TTG TCT T, 
{d) 5' TTG CAA GAC AAC ATC C, « 5' 
TGC TGA CAA CAC AAT T. The internal 
Y-gliadin specific primers were: (a) 5' ATT 
CTT GCA TGG GTT CAj (6) 5* TGA ACC 
CAT GCA AGA AT. Sequencing products 
were run on an ABI Prism 377XL DNA 
sequencer (Perkin Elmer, Norwalk, Connecti- 
cut, USA). 

PRODUCTION OF RECOMBINANT GUADINS IN E 

cou 

Plasmids containing gliadin inserts of appro- 
priate lengths were transformed into compe- 
tent BL21(DE3)pLysS cells (Novagen) con- 
taining a single copy of the T7 polymerase gene 
under the control of the inducible lac UV5 
promoter. Freshly plated single colonies were 
grown in 1 litre cultures of Luria-Bertani 
medium containing 100 ng/ml carbenicillin 
and 34 ug/ml chloramphenicol at 37°C. At a 
culture density of A m = 0.6, isopropyl 
p-D-thiogalactoside (Sigma, St Louis, Mis- 
souri, USA; 0.4 mM) was added and the 
cultures were incubated for a further 1 8 hours. 
At harvesting, cell pellets obtained by centrifu- 
gation (15 minutes at 650 g and 30 minutes at 
2520 g) were resuspended in preheated (60°C) 
70% ethanol and incubated at 60°C for two 
hours. Bacterial cell debris was then removed 
by centrifugation (30 minutes at 14 500 g)> and 
two volumes of 1.5 M NaCl was added to the 
supernatant to precipitate the gliadin proteins. 
The solution was incubated at 4°C overnight to 
allow complete precipitation of the gliadins. 
The precipitate was collected by centrifugation 
(30 minutes at 14 500 g), rinsed briefly with 
distilled water, and dissolved in 8 M urea/0.4 
M NH«HC0 3 , The proteins were analysed 
using one dimensional sodium dodecyl 
sulphate/polyacrylamide gel electrophoresis 
(SDS/PAGE) with 12% gels and staining with 
Brilliant Blue R250 (Sigma). Protein was 
determined with a BCA protein assay (Pierce, 
Rockford, Illinois, USA) using commercial 
gliadin (Sigma) as a standard. 

PREPARATION OF RECOMBINANT GLIADINS FOR T 
CELL ASSAYS 

The solubilised gliadins were dialysed against 
0.1 M NH ( ,HC0 3 overnight to remove the 
urea. Gliadin proteins are hardly soluble in 
physiological salt solutions, but can be made 
soluble through limited enzymatic proteolysis 
and thereby become suitable as antigens in T 
cell assays. The recombinant gliadins used in T 
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cell assays were therefore digested with either 
u-chymotrypsin (C-4 1 29; Sigma; 1:100, w/w) 
at 37°C in 0.1 M NH 4 HC0 3 until dissolved or 
pepsin (P7012; Sigma; 1:100, w/w) at 37°C in 
0. 1 M acetic acid, pH 1 .8, for three hours. The 
chymotrypsin digested recombinant gliadins 
(125 ug/ml) were incubated with 250 ug/ml 
guinea pig tTG (T-5398; Sigma) at 37°C for 
two hours in phosphate buffered saline with 0.8 
mM CaCl 2 whereas the pepsin treated recom- 
binant gliadins were heat * treated in the 
digestion buffer at 98°C for two hours before 
addition to T cell assays. 

T CELL ASSAY 

The following gut derived DQ2 restricted T 
cell clones of patients with coeliac disease were 
used: CD 380 E-27, CD 387 E-34, CD 412 
R-3, lb CD 370 R-2.3, and CD 412 R-5.32 (0 
Molberg, unpublished). The last two clones 
were cloned using a protocol identical with that 
for the published clones. In brief, gliadin 
specific T cell lines were established from small 
intestinal biopsy specimens challenged in vitro 
with a peptic-tryptic digest of gliadin. The glia- 
din specific T cell lines were cloned at limiting 
dilution to establish gliadin specific T cell 
clones, 

T cells (5 x 10') were added to 5 x 10 4 anti- 
gen presenting cells (HLA matched allogenic 
Epstein Barr virus transformed B lymphoblas- 
toid cell lines irradiated with 80 Gy) that had 
been incubated for 16-20 hours with either 
untreated or tTG treated recombinant gliadins 
(50 ug/ml) in a volume of 100 ul RPMI 1640 
(Life Technologies, Rockville, Maryland, 
USA) supplemented with 15% pooled and heat 
inactivated human serum. The assay was 
performed in 96-well U bottom plates (Costar, 
Cambridge, Massachusetts, USA), and T cell 
proliferation was measured as [ 3 H] thymidine 
incorporation 48-72 hours after the antigenic 
stimulation. Activation of the 60.6 T cell 
transfectant" was measured as interleukin-2 
release after an 18 hour incubation of 2.5 x 10* 
transfectant cells with 5 x 10 4 non-irradiated 
antigen pulsed DQ2 positive B lymphoblastoid 
cells. Murine interleukin-2 was quantified by 
time resolved fluorometry using Delfia rea- 
gents (Wallac, Turku, Finland) and the rat 
anti-murine interleukin-2 antibodies JES6- 
1A1 2 and JES6-5H4 (PharMingen, San Diego, 
California, USA). 



T cell transfectant 60.6 



T + APC 
PT gliadin 
PW1621 




5 '10 15 20 25 30 

Eu counts x 10 3 

Figure I Recognition of pepsin treated pW!62l recombinant gliadin by the T cell 
transfectant 60.6. Pepsin-trypsin treated crude gliadin from Sigma (PT gliadin) was used 
as positive control. T cell activation was measured as interleukin-2 release and is given as 
arbitrary europium (Eu) counts. T+APC, T cells plus antigen presenting cells. 



Results 

ESTABLISHMENT OF THE EXPRESSION SYSTEM 

As yet only one gliadin epitope that is 
recognised by gut derived DQ2 restricted T 
cells of patients with coeliac disease has been 
described. 17 This y-gliadin epitope is created 
after deamidation of a critical glutamine 
residue by either heat treatment in an acidic 
environment 17 or enzymatically by tTG." To 
validate the suitability of the selected E coli 
expression system for the characterisation of T 
cell epitopes, we cloned a y-gliadin gene 
(pW1621) that contains the. published epitope 
into the pET17xb expression vector and 
expressed it in BL2 1 (DE3)pLysS cells. Se- 
quencing of plasmids obtained from PCR 
amplification of the pW1621 plasmid with 
subsequent cloning of the PCR product into 
the pET vector identified several positions that 
diverged from the published sequence (data 
not shown). In two out of seven pW1621 
clones, single substitutions were found that are 
likely to represent misincorporation of nucle- 
otides by the DNA polymerase. This allows a 
rough estimate of the PCR error rate in this 
system to be calculated as 1 in 2775. In 
contrast with the PCR introduced errors, seven 
substitutions were found in all clones and are 
probably due to sequencing errors reported in 
the sequence published in 1 987. Notably, these 
substitutions cause a change in five amino acids 
from the deduced protein sequence — that is, 
residues 192 S->C, 255 I->M, 256 D->H, 264 
H-)Q, 265 E-»Q; numbering relates to protein 
with leader sequence. Attempts to use bacterial 
lysates as T cell antigen failed because the T 
cell clones reacted non-specifically with bacte- 
rial material (data not shown). It was therefore 
necessary to purify the gliadin proteins from 
the bacterial lysates. For the purification, we 
adapted a protocol of A Tatham (personal 
communication) in which the gliadins are 
extracted with aqueous alcohol and precipi- 
tated with NaCl. From lysates of bacteria 
expressing the pW1621 gene, we obtained a 
relatively pure protein of apparent mass 36 kDa 
as assessed by SDS/PAGE (data not shown). 
This recombinant y-gliadin protein was then 
digested with pepsin and acid/heat treated and 
tested for its ability to stimulate a T cell trans- 
fectant specific for this epitope." Reassuringly, 
the recombinant protein efficiently stimulated 
this transfectant (fig 1), 

AMPLIFICATION, CLONING, AND SEQUENCING OF 
GLIADrN GENES 

We next wanted to express a panel of different 
gliadin genes coding for proteins to which the 
Norwegian population is exposed. Thus cDNA 
and genomic DNA were isolated from a wheat 
strain (Mjoelner) commonly grown in Norway. 
The a-gliadin genes were amplified from both 
cDNA and genomic DNA whereas the 
y-gliadin genes were amplified from genomic 
DNA only. Altogether, 16 independent 
a-gliadin clones were sequenced. Eleven 
unique sequences were obtained. Notably, only 
one of the deduced protein sequences (a-2) 
identically matched a previous entry in the 
Swiss-Prot data bank (accession number 
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Figure 2 Amino acid sequence alignment of the a-gliadin clones. The EMBL accession numbers of the DNA sequence 
and the clone names are indicated. A consensus amino acid sequence is given above the alignment. The N-terminal M and 
the C-terminal Y and R are non-gliadin sequences that are introduced as pari of the expression vector. The sequences of the 
six N-tcrminal residues and the eight C-terminai residues are determined by the primers used for the PCR amplification. 



P)8573 18 ) (fig 2). Sequencing of the first 400 
bases on the 5' end of 15 independent clones 
obtained from a PCR with y-gliadin specific 
primers gave seven sequences unrelated to 
gliadin, and eight gliadin sequences. Complete 
sequencing of two of these clones identified 
one mature y-gliadin not previously described 
in the database (GenBank accession number 
AJ133613) and one pseudogene. 



kDa 




14.4 ► 



Figure 3 SDS/PA GEof the recombinan t gliadins, before 
and after purification. Lane /, molecular mass markers; 
lane 2, bacterial lysate from batch I; lane 3, purified 
recombinant gliadins from batch I; lane 4, lysate from 
bacteria expressing a single gliadin (a- J I, not present in 
batch I); lane 5, purified a- 1 1 . The bacterial lysales were 
harvested J 8 hours after induction tvi:h isopropyl 
fi-D-lhiogalactoside. 



EXPRESSION AND T CELL RECOGNITION OF 
BATCHES OF RECOMBINANT O-GLIADrNS 

Two batches, each containing nine randomly 
picked a-gliadin clones, were produced in 1 
litre cultures. SDS/PAGE analysis of the 
purified gliadins disclosed bands with apparent 
masses of 36-40 kDa (fig 3). After chymo- 
trypsin digestion, the complex gliadins either 
untreated or treated with tTG, were tested for 
recognition by four different gliadin specific 
gut derived T cell clones in proliferation assays. 
Both batches contained material that was 
recognised by all the T cell clones, but only 
after treatment with tTG (fig 4). 

EXPRESSION AND T CELL RECOGNITION OF SINGLE 
RECOMBINANT a -GLIADINS 

The nine gliadins from batch 1 were then 
expressed in individual 1 litre cultures. Both 
the apparent molecular mass (data not shown) 
and the yield for each of the gliadins (table 1) 
varied between the different clones. DNA 
sequencing of the seven clones that produced 
protein showed five unique sequences, a-1, 
0-2,01-3, a-4, and a-5 (fig 2 and table 1). These 
five gliadins were then tested for their ability to 
stimulate four different T cell clones, three of 
which were previously shown to stimulate 
batch 1 . Four of the five recombinant gliadins 
failed to stimulate any of the T cell clones. 
However, one recombinant gliadin (a-2) 
stimulated all of the T cell clones. Stimulation 
of the T cell clones by this recombinant was 
entirely dependent on treatment with tTG 
(fig 5). 

Discussion 

We have cloned a panel of gliadin genes with 
distinct sequences from a wheat strain used for 
food production and expressed their respective 
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TCC CD412R-5.32 



T alone 



T + APC 



Kaden 



Batch 1 



Batch 2 



O Native 
9 tTG treated 




10 



12 



14 



4 6 8 

cpm x 10 3 

Figure 4 Recognition of batches of chymotrypsin digested and tissue transglutaminase 
(tTG) treated recombinant a-gliadins by the gut derived DQ2 restricted T cell clone 
(TCC) CD 412 R-S.32. Batches I and 2 each contain nine a-gliadin clones. Crude 
gliadin prepared from the wheat strain Kadett was used as a positive control. Similar data 
were obtained from the other T cell clones tested— that is, CD 380 E-27, CD 387 E-34 t and 
CD 370 R2.3. T+APC, T cells plus antigen presenting cells. 

Table I Protein-expressing clones from batch I 





Protein yield 


Deduced molecular 


u-gliadin done 


(mgll culture) 


mass (kDa) 


u-1* 


28.3 


30.6 


u-2* 


19.6 


33.7 


u-J 


21.0 


32.2 


u-4 


24.7 


22.2 


u-5 


10.7 


32.5 



•Clones present twice in this batch. 

proteins in E coli. The gliadins were easy to 
produce and purify. Furthermorej a recom- 
binant gliadin was shown to efficiently stimu- 
late antigen specific T cellsjjjn in vitro assays. 
The availability of recombinant gliadins with 
defined sequences should facilitate the identifi- 
cation of T cell epitopes that'are involved in the 
development of coeliac disease. 

T cells are likely to be involved in the patho- 
genesis of coeliac disease. This notion is 
supported by the strong disease association 
with DQ2 and DQ8 and the presence of gliadin 
specific and DQ2 or DQ8 restricted T cells in 
the small intestinal mucosa of patients with 
coeliac disease. T cells recognise antigens in 

TCCCD412R-5.32 



T alone 
T + APC 
Kaden 
a-1 
a-2 
o-3 



a-4 
a ' 5 & 



[□ Native 

I S3 tTG treated 



10 



20 30 
cpm x 10 3 



40 



50 



Figure 5 Recognition of one oflhi recombinant gliadin subtypes (c -2) after chymotrypsin 
digestion and tissue transglutaminase (tTG) treatment of the T cell dqne (TCC) CD 412 
R-5.32. Similar data were obtained from the other T cell clones tested — that is, CD 380 
E-27, CD 412 R-3, and CD 37Q <<2.3. T+APC, T cells plus antigen; presenting cells. 



the form of peptide fragments (10-15 amino 
acids) bound to HLA molecules. Small varia- 
tions in peptide antigen sequence may affect T 
cell recognition." Notably, gliadin is not a sim- 
ple protein but is, in fact, a complex mixture of 
distinct proteins that differ by minor variations 
in amino acid sequence. The sequence varia- 
tion found between these proteins is likely to be 
important for their recognition by T cells. 

The isolation of a single species of a gliadin 
protein from wheat flour by biochemical meth- 
ods is difficult and laborious, 20 21 and there is 
always a danger that the isolated protein actu- 
ally comprises several different species with 
indistinguishable physicochemical properties. 
Furthermore, gliadins have stretches of repeti- 
tive glutamines and high contents of proline 
which pose particular problems for N- and 
C-terminal amino acid sequencing. Moreover, 
gliadin peptides are difficult to sequence by 
tandem mass spectrometry because they often 
fragment poorly. The challenge to identify the 
sequence of epitopes is further compounded by 
the fact that most gliadin T cell epitopes recog- 
nised by gut T cells contain deamidated 
glutamines. 17 These reasons motivated us to 
express recombinant proteins. The knowledge 
of the exact sequence of the whole protein pro- 
vides a scaffold, which enables efficient se- 
quence identification from limited mass spec- 
trometry data. Thus the use of recombinants 
should allow the information of the sequence 
of stimulatory and non-stimulatory gliadins to 
be combined with the full power of mass spec- 
trometry for sequence analysis to identify T cell 
epitopes. 

The cloning and expression of a y-gliadin 
gene (pW1621) containing a defined epitope 
allowed the potential of a recombinant expres- 
sion system to be evaluated. Protein extracted- 
with aqueous ethanol and precipitated by the 
addition of salt from bacteria expressing this 
y-gliadin gene migrated as a single band of the 
expected size. Moreover, the y-gliadin was rec- 
ognised by a T cell transfectant specific for the 
defined epitope,' " indicating that this ap- 
proach of expressing recombinant gliadins 
could be useful for the mapping of gliadin 
epitopes. 

Several new a-gliadin sequences that were 
not present in the Swiss-Prot database were 
obtained in our study. This may indicate that 
there exist many more u-gliadin variants than 
those currently deposited in this database. The 
high number of distinct sequences may also 
reflect errors created during the PCR amplifi- 
cation of the genes. Two types of PCR errors 
can be envisaged. One is the misincorporation 
of nucleotides. However, based on the error 
rate found in a similar PCR with a y-gliadin 
gene, this is likely to account for only a small 
part of the variability. A second error during 
the PCR could arise as partial products gener- 
ated in one amplification cycle serve as primers 
in a subsequent cycle for distinct templates, 
thereby creating genes with shuffled sequences. 
To what extent this actually has taken place is 
difficult to ascertain. However, this should not 
be a serious flaw to the objective of using 
recombinant gliadins for characterisation of T 
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cell epitopes, as the latter consist of short pep- 
tide fragments of 10-15 amino acids for which 
the coding sequences are likely to be main- 
tained. 

The sequencing of 400 bases at the 5' end of 
15 PCR clones amplified using the y-gliadin 
specific primers identified seven sequences that 
were unrelated to gliadin whiile the remaining 
eight clones contained sequences encoding 
y-gliadins. Full length sequencing of two of 
these clones showed one pseudogene and one 
fifll length gliadin which was successfully 
expressed. 

The approach of expressing recombinant 
gliadins to characterise T cell epitopes has a 
limitation if a restricted number of distinct 
genes are represented. It is notable that the 
consensus sequence obtained from the 
ct-gliadin clones was remarkably similar to that 
of A-gliadin, 22 with a discrepancy only in six 
positions. The A-gliadin sequence is essentially 
a biochemical "consensus" sequence obtained 
by amino acid sequencing of gliadin peptides. 
This suggests that the a-gliadin genes that we 
have described are broadly representative of 
the gliadin expressed naturally. This notion is 
also supported by a sequence cluster analysis of 
the deduced amino acid sequence of the genes 
cloned by us and the a-gliadin genes present in 
the Swiss-Prot database. The sequences identi- 
fied by us were evenly distributed throughout 
the dendrogram (data not shown), indicating 
that the conditions we used for amplification 
and cloning of our a-gliadin genes did not 
result in the preferential cloning of a limited 
subset of gliadin genes. 

We started by expressing nine different 
a-gliadin clones in two separate batches to 
obtain a broad representation of distinct 
sequences. As both batches were recognised in 
proliferation assays by four different T cell 
clones, we individually expressed the clones 
from one of them. Only seven out of nine 
a-gliadin clones yielded mature a-gliadin 
protein, and the amount of a-gliadin produced 
differed considerably among the different 
clones. This is most probably due to variation 
in the expression system, especially in the puri- 
fication process of the recombinant gliadins. By 
testing each of the individual a-gliadins for rec- 
ognition by T cell clones, we found that only 
one of the a-gliadin subtypes was recognised 
and that this was recognised by all four T cell 
clones tested. This indicates that most of the 
a-gliadin subtypes do not contain epitopes rec- 
ognised by these T cells. 

Our study shows that gliadins can be easily 
produced by recombinant DNA technology. 
Multiple proteins need to be expressed for T 
cell epitope characterisation, as T cells dis- 
criminate between distinct gliadins. The extra 
workload of expressing numerous gliadins is 
compensated for by a purification step, which is 
simple and efficient compared with the com- 
monly used protocols for recombinant proteins 
that employ tags and affinity purification. This 
panel of recombinant gliadins, together with 



mass spectrometry analysis, should allow the 
efficient identification of T cell epitopes in 
gliadins. 
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